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PROCESS FOR MANUFACTURING
PACKAGING FILM

This 1s a division of U.S. Ser. No. 08/963,266, filed on
Nov. 3, 1997, now U.S. Pat. No. 6,027,793, 1ssued on Feb.
22, 2000.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1invention relates to a packaging film which 1s trans-
parent to UV light and has a barrier action against water
vapor and gases. Within the scope of the mnvention 1s also a
process and a use of such a packaging film.

2. Background of the Invention

The sterilization of transparent products by radiation with
UV light 1s known. It 1s used today, €.g., for decontaminating
drinking water. It 1s also known that the storage time of
natural untreated foodstuffs can be extended 1f these are
radiated with UV light. The UV rays have a decontaminating
action only on the surface of a foodstuff. An essentially,
untreated foodstuff 1s however sterile on the 1nside, so that
the radiation of the surface 1s suflicient for decontamination
PUIPOSES.

In order to keep a product sterile, it 1s appropriate to
perform the sterilization of the foodstuif while 1t 1s m the
packaging; this way 1t 1s not possible for the contents
subsequently to some 1nto contact with non-sterile surfaces.

The packaging materials that are known today and are
used for packaging foodstufls either have no adequate
barrier action against water vapor or oxygen, or are not
transparent to UV radiation. Especially when employing
very high energy (short wave) UV light, as 1s supplied, e.g.,
by excimer lamps, the choice of possible packaging mate-
rials 1s very limited. For example, among others,
polyethylene-terephthalate (PET) cannot be used because of
its absorption edge at 330 to 350 nm, nor polyvinylidenchlo-
ride (PVDC). The choice of possible packaging materials
that are transparent to UV light 1s limited therefore to
polyamides (PA) and polymers and copolymers of ethyl
vinyl alcohol (EVOH). Often, however, it is not possible to
achieve adequate barrier values against water vapor. The
barrier against gases and aromas 1s also often not sufficient.

It has already been found that the barrier properties of
plastics can be improved 1n some cases by thin film vacuum
deposition of S10_ or aluminum oxide coatings using meth-
ods such as PVD (physical vapor deposition) or by CVD
(chemical vapor deposition). However, the processes and
coatings used up to now have yielded substantial improve-
ments with respect to the barrier action against water vapor
and gases only with PET or the layers known to date are
discolored, 1.¢., yellowish or grayish and consequently have
high absorption in the UV range.

DESCRIPTION OF THE INVENTION

The object of the present 1nvention 1s therefore to provide
a packaging film of the kind described at the start which 1s
both transparent to UV light and exhibits excellent barrier
properties with respect to water vapor and gases.

That objective 1s achieved by way of the invention 1n that
the packaging material features a substrate film of a poly-
olefin or polyamide with a ceramic coating of S10_, where
X 1S a number from 1.5 to 2 and the thickness of the ceramic
layer 1s 10 nn (nanometer) to 2 um.

The coating of a known UV-transparent substrate film
with a ceramic layer of S10_ having a composition and
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thickness according to the invention results 1n a packaging
material which, apart from good transparency for UV
radiation, exhibits excellent barrier properties with respect
to water vapor and gases.

The substrate film 1s preferably an oriented polypropylene
(oPP) film, advantageously an. oPP film with a 0.5 to 2 um
thick outer layer of a copolymer of polyethylene (PE)/
polypropylene (PP) comprising 1 to 20% PE, in particular 2
to 5% PE. This variant provides excellent barrier properties
with respect to water vapor combined with very good barrier
properties with respect to oxygen.

Plasma pre-treatment of the substrate film before coating
with S10_ provides a further improvement in the barrier
properties with respect to water vapor and oxygen.

A further version of a substrate film 1s an oriented
polypropylene film (oPP) with a 0.5 to 2 um thick outer layer
of polymers or copolymers of ethylvinyl alcohol (EVOH). If
a polyamide film 1s employed as the substrate film, then this
1s preferably a biaxially stretched oriented polyamide film
(0PA).

The substrate film coated with S10_ can 1n principle be
used directly as packaging material. In order to control the
scaling properties, however, the substrate film may be coated
on one or both sides with UV transparent sealing layers, €.g.,
of PP or PE. The coating takes place preferably using a
laminating adhesive based on polyurethane. Laminating
with further UV transparent layers such as oPA may be used
as a means of improving the mechanical properties. The
mentioned further UV ftransparent layers which may be
laminated with the S10._ coated substrate layer to form
packaging materials with different properties with respect to
mechanical strength and sealing capacity, must not contain
any aromatic carbohydrates. For that reason, aliphatic sys-
tems which exhibit optimal UV transparency are preferred.

The ceramic layers with S10_ may be deposited on the
f1lm, e.g., using vacuum thin film techniques, preferably by
clectron beam vaporization.

According to the invention a 10 nm to 2 um thick ceramic
layer of S10_ 1s deposited onto a polyolefin or polyamide
substrate film using a generally known vacuum thin film
deposition process by depositing silicon oxide (Si0,) and
metallic silicon (S1) simultaneously in vacuum, where the
value x 1s a number from 1.5 to 2, preferably 1.5 to 1.9 and
in particular 1.5 to 1.8. The amount of S10, to S1 1s
preferably adjusted 1n such a way that, stoichiometrically, a
deficit of 10 to 30% oxygen—with reference to the pure
oxide—results 1n the evaporated material.

The vaporization of S10, and S1 occurs preferably simul-
taneously from a common vaporization source, 1.€., from a
mixture of S10, and Si.

As materials to be evaporated, further additives such as
Al, O3, B,O5 and MO may be added to the S10, in amounts
up to 50 mol %, preferably 5 to 30 mol %, 1n each case with
reference to S10.,.

Further additions that may be made to the materials to be
evaporated are, e.g., Al, B and/or Mg in pure form or as Si
alloy, 1n amounts up to 50 mol %, preferably 5 to 30 mol %,
in each case with reference to Si.

The ratio of S10,, Al,O5, B,O5 and M O to S1, Al, B and
Mg 1s adjusted, e.g., such that there 1s a stoichiometric deficit
of 10 to 30% oxygen, with reference to the sum of the pure
oxides 1n the evaporated material.

The coating process 1s controlled via the rate of vapor-
1zation of the material to be vaporized, the rate of deposition
on the substrate and the duration of exposure of the substrate
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to the vacuum chamber atmosphere, 1n such a manner that
a S10, coating having a thickness of 10 nm to 2 um,
preferably 30 nm to 1 um, and 1n particular 40 nm to 100 nm
1s obtained.

The S10_ coated substrate film may, as mentioned above,
be provided on one or both sides with further UV transparent
layers. The deposition of these additional layers may be
performed, €.g., by laminating or using laminating adhesive.

The packaging material according to the invention 1s
suitable 1n particular for manufacturing flexible packaging
such as pouches and as lid material for sealing onto con-
tainers.

A particularly suitable field of application 1s 1n the use of
the packaging material according to the invention for pack-
aging basic and luxury foodstuils that are sterilized in the
packages condition by radiation with UV light.

The superiority of the packaging material according to the
invention over the present day, conventional materials—
with respect to UV transparency and barrier action against
water vapor and gases—is supported by the following table
showing measured values of the above mentioned proper-
fies.

Oxygen barrier Water vapour

[cm”/ barrier UV-
(m*24 h bar)] [g/m?®24 h)] transmission
at 25° C. at 25° C. | %]
50% tH 50% rtH at 251 nm
1 oPA (15 um)//PE 40 2 72
(50 pem)
2 OPA (15 um)/SiO,/ 0.2 0.4 65%
PE (50 um)
3 oPP (20 um)//PE 1800 1.0 79%
(50 pem)
4 oPP (20 um)/Si0.// 3.0 0.1 75%
PE (50 um)
5 PET (12 pm)//PE 119 3 0%
(50 gem)
6 oPA-PVDC 2.5 0.3 5%

Versions 2 and 4 according to the invention show both
excellent UV transparency and good barrier action against

water vapor and oxygen. The version 1, 3, 5 and 6 not within
the range covered by the invention exhibit considerably

poorer properties at least with respect to those required.

What 1s claimed 1s:

1. A process for manufacturing a packaging film that 1s
transparent to UV light and has a barrier action against water
vapor and gases, the packaging film includes a substrate film
of a polyolefin or polyamide with a ceramic coating layer of
S10_, where x 1s a number from 1.5 to 1.8, the thickness of
the ceramic coating layer 1s 10 nm to 2 um, the ceramic
coating layer of S10_ 1s deposited onto the polyolefin or
polyamide substrate film using a vacuum thin film deposi-
tion process by depositing silicon oxide (S10,) and elemen-
tary silicon (S1) simultaneously in vacuum.

2. The process according to claim 1, wherein S10, and S1
are vaporized together as a mixture.

3. The process according to claim 2, wherein Al,O5, B,O,
and/or MgO 1n an amount up to 50 mol percent, with
reference to the S10,, are simultaneously 1n vacuum depos-
ited with said S10, and said Si.

4. The process according to claim 3, wherein the amount
of said Al,O,, B,O, and/or MgO 1s 5 to 30 mol percent, with
reference to the S10..

5. The process according to claim 3, wherein, prior to the
S10_ coating, the substrate 1s subjected to a plasma pretreat-
ment.
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6. The process according to claim 3, wherein, the amount
of S10, to S1 1s adjusted such that, stoichiometrically, a
deficit of 10 to 30 percent of oxygen, with reference to the
S10,, results 1n said S10 ..

7. The process according to claim 3, wherein Al, B and/or
Mg 1n pure form or as Si1 alloy, 1n an amount up to 50 mol
percent, with reference to Si1, are simultaneously in vacuum
deposited with said S10,, and said Si.

8. The process according to claim 7, wherein the amount
of said Al, B and/or Mg in pure form or as S1 alloy 1s 5 to
30 mol percent, with reference to the Si.

9. The process according to claim 7, wherein the ratio of
S10,, Al,O,, B,O; and/or MgO to S1 and Al, B and/or Mg
1s adjusted such that there 1s a stoichiometric deficit of 10 to
30 percent oxygen, with reference to the sum of the S10,, and
Al,O,, B,O, and/or MgO.

10. The process according to claim 9, wherein, prior to the
S10_ coating, the substrate 1s subjected to a plasma pretreat-
ment.

11. The process according to claim 2, wherein Al, B
and/or Mg 1n pure form or as S1 alloy, 1n an amount up to 50
mol percent, with reference to Si, are simultaneously in
vacuum deposited with said S10, and said Sa.

12. The process according to claim 11, wherein the
amount of said Al, B and/or Mg 1n pure form or as Si alloy
1s 5 to 30 mol percent, with reference to the Si.

13. The process according to claim wherein, prior to the
S10_ coating, the substrate 1s subjected to a plasma pretreat-
ment.

14. The process according to claim 1, wherein Al,O,,
B,0O, and/or MgO 1n an amount up to 50 mol percent, with
reference to the S10,, are simultaneously 1n vacuum depos-
ited with said S10, and said Si.

15. The process according to claim 14, wherein the
amount of said Al,O,, B,O; and/or MgO 1s 5 to 30 mol
percent, with reference to the S10.,.

16. The process according to claim 14, wherein, prior to
the S10_ coating, the substrate 1s subjected to a plasma
pretreatment.

17. The process according to claim 14, wherein the
amount of S10, to S11s adjusted such that stoichiometrically,
a deficit of 10 to 30 percent of oxygen with reference to the
S10,, results 1n said S10 .

18. The process according to claim 14, wherein Al, B
and/or Mg 1n pure form or as Si1 alloy, 1n an amount up to 50
mol percent, with reference to the S1, are stmultaneously in
vacuum deposited with said S10, and said Sa.

19. The process according to claim 18, wherein the
amount of said Al, B and/or Mg 1n pure form or as Si alloy
1s 5 to 30 mol percent, with reference to the Si.

20. The process according to claim 19, wherein, prior to
the S10_ coating, the substrate 1s subjected to a plasma
pretreatment.

21. The process according to claim 18, wherein the ratio
of S10,, and Al,O, B,O; and/or MgO to S1 and Al, B and/or
Mg 1s adjusted such that there 1s a stoichiometric deficit of
10 to 30 percent oxygen, with reference to the sum of the
S10, and Al,O;, B,O; and/or MgO.

22. The process according to claim 1, wherein Al, B
and/or Mg 1n pure form or as S1 alloy, 1n an amount up to 50
mol percent, with reference to Si, are simultancously in
vacuum deposited with said S10, and said Si.

23. The process according to claim 22, wherein the
amount of said Al, B and/or Mg 1n pure form or as S1 alloy
1s 5 to 30 mol percent, with reference to the Si.

24. The process according to claim 22, wherein prior to
the S10_ coating, the substrate 1s subjected to a plasma
pretreatment.
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25. The process according to claim 1, wherein the amount
of S10, to S1 18 adjusted such that, stoichiometrically, a
deficit of 10 to 30 percent of oxygen, with reference to the
S10.,, results 1n said S10._.

26. The process according to claim 25, wherein, prior to
S10_ coating, the substrate film 1s subjected to a plasma
pretreatment.

27. The process according to claim 1, wherein, prior to
S10_ coating, the substrate film 1s subjected to a plasma
pretreatment.

28. A process for manufacturing a packaging film that 1s
transparent to UV light and has a barrier action against water
vapor and gases, the packaging film mcludes a substrate film
of a polyolefin or polyamide with a ceramic coating layer of
S10_, where X 1s a number from 1.5 to 1.8, the thickness of
the ceramic coating layer 1s 10 nm to 2 um, the ceramic
coating layer of S10_ 1s deposited onto the polyolefin or
polyamide substrate film using a vacuum thin film deposi-
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tion process by depositing silicon oxide (S10,) and elemen-
tary silicon (Si) simultaneously in vacuum in a proportion
which provides said $10._.

29. A process for manufacturing a packaging film that 1s
transparent to UV light and has a barrier action against water
vapor and gases, the packaging film includes a substrate film
of a polyolefin or polyamide with a ceramic coating layer of
S10_, where x 1s a number from 1.5 to 1.8, the thickness of
the ceramic coating layer 1s 10 nm to 2 um, the ceramic
coating layer of S10_ 1s deposited onto the polyolefin or
polyamide substrate film using a vacuum thin film deposi-
fion process by simultaneous evaporation m vacuum of
silicon oxide (S10,) and elementary silicon (Si) in propor-
tion such that equilibrium composition of the S10, and S1 1n
vapor phase corresponds to S10. .
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